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2005, VPTs were deployed in 83.3% of the targeted villages [3] . The next phase involves installing a sec-I. INTRODUCTION ond telephone in villages with a population over 2000. Around 70% of India's population lives in villages. Besides DoT and TRAI (Telecom Regulatory Authority These villages typically consist of around 250 house-of India) initiatives, WLL (Wireless in Local Loop) holds and are located between two to three kilometres solutions using corDECT [4] , WiFiRe [5] designed to from each other. There are larger market towns located operate in the unlicensed band, and the Digital Gangetic every 30 to 40 kilometres, which are served by optical fi-Plain project [6] (Section III). While more detailed studies are required The key to Internet and telephony access for rural to evaluate our architecture, we believe it is particularly India is a public kiosk which provides a basket of suited for use in villages whose spread and population services. A kiosk can expect one or two voice calls to are not large enough for other solutions to be economical. Software exchange: A software exchange is a software deploying an intra-village network. We aim to extend implementation of a private branch exchange (PBX). The the coverage of one or a small number of PSTN lines exchange allows VoIP end-user devices in a network by using an intra-village wireless and Ethernet network. to make calls to one another. The exchange is also Our proposed architecture is shown in Figure 1 . The interfaced with the external gateway, allowing devices to external gateway shown is usually a PSTN line, but it make external calls. Incoming calls from the gateway are can be replaced with any other telecom gateway such also routed through the exchange to the called end-user as a Cordect, WiFiRe or WLL point of presence. This device. Typically the external gateway and the exchange incoming line interfaces with a software exchange. This are co-located. exchange. For this, we propose a hybrid intra-village net-be connected to the network. work with both wired and wireless elements connected in Other solutions: There are several possibilities for a mesh topology. This is because a village environment intra-village connectivity. Traditional solutions such as may not allow a homogenous network architecture to EPBX, cellular and Ethernet-based networks can be be constructed. A wireless network is easy to deploy, deployed. Table I summarises the advantages and disadand a small number of access points can support a vantages of these solutions vis-a-vis a WiFi + Ethernet large number of clients, including mobile clients. But deployment. the functioning of a wireless network can be constrained by terrain and the presence of obstacles. While a wired III. CASE STUDY network does not suffer from these constraints and allows
The Timbaktu Collective is a voluntary organisation reliable connectivity, it requires laying of cables for each working for sustainable development in the drought end-user device, and can be expensive and inconvenient. prone Anantapur district of Andhra Pradesh. There are A wired network may also be constrained by the absence about a dozen homes, a school, a community kitchen and of power points at convenient locations for switches and a few administrative buildings within a one km radius repeaters. A hybrid design with both wired and wireless (Figure 2(a) ). Because of its remote location, Timbaktu elements allows for flexibility in design.
lacks cellular coverage and its connectivity is through a single PSTN line. This phone is currently located in the End-user devices: End devices can be wireless hand-community kitchen. The phone sees frequent use(mostly helds, PCs, or phones. Phones can be VoIP phones incoming), and each time a user needs to walk to the tive. Timbaktu thus becomes a good case study for our configuration details are given in [10] . architecture. However, the area provides a challenging PSTN gateway: The PSTN line requires an interface environment for wireless deployment. The collective has to communicate with the software exchange. This PSTN dense foliage and lacks an external electricity supply. gateway allows calls to be made or received from a Solar panels are installed to meet power requirements. landline to any user on the network. Such gateways, Our aim was to allow residents of Timbaktu to make called Analog Telephone Adaptors (ATAs), bridge analog and receive calls from multiple locations using the single telephony with IP networks. We use the Sipura SPA-PSTN line. We do this by using existing computers at 3000 telephone adaptor [11] for this purpose. Sipura the school and residences as communication devices. allows a single landline to be interfaced with the software To connect the PSTN line to locations close to the exchange. It also has a port for connecting existing kitchen, we established an Ethernet network to carry analog phones. VoIP connections. We used hand-held PDAs (Simputers)
Communication devices: An analog phone connection as mobile clients.
was provided using a LinkSys phone adaptor (ATA PAP2 [7] ). The adaptor allows the use of the phone in We set up the wireless network as follows:
a VoIP-enabled network. The adaptor has two ports for 1) we established location and installed AP and an-analog phones and an Ethernet jack to interface with tenna; a network. It supports the Session Initiation Protocol 2) performed RF measurements;
(SIP [12] ) and multiple voice compression techniques. 3) set up the software PBX and interfaced it with the It can be configured either through the analog telephone AP; via voice prompts or through a web-based configuration 4) set up the analog phone and wireless handhelds; (the adaptor has a built-in web server). The adaptor was and connected directly to the AP through the Ethernet port. 5) performed VoIP tests using different instruments. The adaptor setup and configuration details are given AP and antenna installation: We used a D-link in [13] . We also set up the Asterisk server to translate DWLg2100 AP along with a D-link ANT24-0801 di-numbers dialed from the phone into SIP usernames. An rectional wireless antenna with 8.5dBi gain [8] . The AP example dial plan is given in [10] . was set to operate in 802.1 lb infrastructure mode. The
As our WiFi handheld we chose the Simputer [14] . antenna was set up on top of the dormitory building. We Simputer is a handheld running open source software. performed measurements to evaluate the RF characteris-It has a Strong Arm SA-1100 RISC CPU with 32 MB tics of the deployment area. We did this by performing of DRAM. It runs Linux 2.4 and has a SIP-based VoIP ping measurements for various point-to-point links from client. We used a 3Com USB wireless adaptor to enable a single AP, and observing delay and packet loss char-wireless connectivity on the Simputer. acteristics. We observed that intervening foliage caused
Call setup: Figure 3 shows how an incoming and an the wireless link to deteriorate. Some observations are outgoing call is setup. The Asterisk server on receiving shown in Table II . These provided us with a set of any call request performs a table look-up to map a callee candidate locations within reach of the AP, and were to his SIP address. After this caller-callee handshake, a chosen locations for performing VoIP test calls.
VoIP connection is established between the clients. We could span distances upto 150 metres using VoIP over WiFi. This method is also more scalable since it can serve a wider area. However the voice quality is not as good as with Ethernet. We believe this is partly due to codec problems on the Simputers we were using, and Fig. 3 . Call flow partly due to the nature of the wireless medium. The system cost in general is determined by the cost of the hardware running the exchange, the gateway, the IV. EXPERIMENTAL RESULTS network infrastructure and the number of client devices The system deployment architecture is shown in Fig-deployed . We ran the software exchange (Asterisk) on ure 2(b). We evaluated the voice quality over different a laptop. This has two constraints: i) the location of combinations of clients and at different locations. Calls the software exchange is constrained by the lack of AC between external landlines and the local devices (Sim-power outlets since we only had access to solar power; puter, analog phones and laptops) as well as intra-village and ii) such a setup is not cost effective. We are currently calls were tested.
building an integrated DC-powered device that combines The quality of a VoIP call was defined based on the gateway and the software exchange. The device its packet drop and delay characteristics as shown in (shown in Figure 4 ) is an inexpensive motherboard with a Table III. Table IV summarises the voice quality for PSTN gateway card. The motherboard runs the Asterisk various configurations.
server on a stripped-down version of Linux on flash Calls to external PSTN numbers were of good quality memory. We expect this device to reduce the cost of except with the Simputer. deploying our architecture considerably. Currently the For intra-village connectivity, we found that we were price of this system is about 8000 INR. While Simputers able to do PC to PC calls quite easily over VoIP plus are not economical for use solely as a voice client, their
